End stage renal disease, and in particular chronic glomerulonephritis, is associated with small scarred contracted kidneys (Heptinstall, 1968; 1974) . The advent of long-term intermittent haemodialysis has resulted in patients with this previously lethal condition living for years and in many instances receiving a renal allograft enabling them to return to a normal working life. An opportunity to examine the kidneys of such patients is provided not only at necropsy but also when bilateral nephrectomy is performed in order to control hypertension. Wereport here cystic transformation in the kidneys of these patients and point out the complications of this change.
Clinical features
During the period 236 patients were accepted for long-term intermittent haemodialysis. Fifty-one died and necropsies were performed on 30. Congenital adult polycystic disease of the kidneys was excluded from this study. Fourteen patients were found at necropsy to have extensive bilateral cystic disease of the kidneys. The brief clinical details of these patients are given in the Table. The mean age at death was 47-8 years and the mean length of time on maintenance haemodialysis was 3-4 years. Although renal biopsy had been performed in only Received for publication 10 March 1977 eight cases during the course of the original disease, there was no clinical or pathological evidence that any of these 14 patients suffered from congenital adult polycystic disease. Radiological examination, including either intravenous or retrograde pyelography, performed when they first presented did not reveal any evidence of cystic change.
In three instances there was clinical evidence of enlargement of the kidneys occurring during the period on haemodialysis. In case 3 there was pain in the loin and systemic evidence of haemorrhage as well as haematuria. At necropsy a massive left-sided renal haematoma was found. Haematuria together with radiological evidence of an enlarging left kidney in case 7 necessitated a left-sided nephrectomy at which haemorrhage into cysts in the kidney was found in addition to a large adenocarcinoma.
Bilateral nephrectomy was performed in case 11 because of massive perirenal haemorrhage and haematuria accompanied by radiological evidence of enlarging kidneys (Figs 1 and 2 ).
Pathological findings GROSS APPEARANCES
The kidneys in these cases present a very variable appearance but in general both kidneys are equally affected. Increase in size is not a necessary consequence of total or almost total replacement by cysts (Fig. 3) (Fig. 10 ). In the second type the tubular differentiation may appear less marked and the tumour is composed of uniform cells with clear or foamy cytoplasm containing lipid (Fig. 11) .
The solid type of tumour nearly always consists of clear cells though occasionally it may be made up of cells with uniform, non-foamy, acidophilic cytoplasm (Fig. 12a) . Tumours of more than one type may be present in any given kidney (Fig. 12b) . Central areas of haemorrhage into these tumours are common. It is extremely difficult to assess the malignant potential of any individual tumour. One of the most striking features of all these tumours is that the cytology of any single lesion is often uniform with little in the microscopic appearances to suggest malignancy, a feature well illustrated by case 7 where the patient died with disseminated carcinomatosis, including metastases in bone, from a primary clear cell adenocarcinoma.
Discussion
The advent of long-term intermittent haemodialysis and of renal transplantation has resulted in marked prolongation of life in patients with uraemia due to chronic renal disease. Unless a biopsy has been performed during the acute stages of the initial illness it may be impossible to ascertain the original pathology from examination of the end stage kidney. The observation that the end stage kidney of chronicglomerulonephritis is a small scarred contractedorgan is based on findings at necropsy on patientswho had died in uraemia before dialysis treatment became commonplace. The kidney has a limited' number of responses to abnormal stimuli and by the: time terminal uraemia is reached the scarred organ may have much the same appearance no matter what the original disease process. It may be difficult to determine even whether glomerulonephritis or pyelonephritis was the initial insult, let alone which form of glomerulonephritis was involved. Only in disorders such as amyloid, where there is a specific. ultrastructural appearance, is it possible to state with conviction the underlying pathological process. It is. probable that the majority of kidneys in patients on, long-term haemodialysis conform to the classical contracted scarred type but in a significant number of cases the kidneys appear to undergo cystic transformation of the kind illustrated here. The pathogenesis of this change is not understood. In many instances it occurs in the absence of glomerular filtration as often these patients are anuric. It is possible that the cysts represent dilated tubules or col-- Acquired cystic disease of the kidneys: a hazard of long-term intermittent maintenance haemodialysis 877 lecting ducts which have become obstructed as a result of the surrounding interstitial fibrosis. Alternatively, it is possible that collecting tubules may be obstructed by oxalate crystals which are plentiful in this condition. It is unlikely that cyst formation is directly related to severe vascular changes as these are just as frequent in granular contracted kidneys as in cystic kidneys in chronic renal failure. There is no evidence that cystic transformation is associated with any specific type of nephritis although it must be added that the nature of the original disease was not known in all these patients, no less than five presenting with chronic uraemia and the diagnosis of chronic glomerulonephritis. In none of the patients in whom a renal biopsy was performed was there any indication of cyst formation. It must be assumed that cysts are a late manifestation of the disease. Enlargement of the kidneys was by no means the rule in these patients and, although it was a prominent feature in three cases (see Table) , they may be normal or reduced in size. Curiously enough, in congenital adult polycystic disease treatment by long-term intermittent haemodialysis appears to cause a decrease in renal size (Thaysen et al., 1975) .
Two important complications, haemorrhage and tumour formation, may occur as a result of cystic transformation of the kidneys in uraemic patients. Haemorrhage into the cysts is a frequent finding but it is only when it gives rise to painful enlargement of the kidney or haematuria or bursts into the retroperitoneal tissues that it becomes clinically apparent.
In this connection the observations of Cabaluna and Eisinger (1974) 
